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1
SEMICONDUCTOR DEVICE AND METHOD
OF FABRICATING THE SAME

This U.S. non-provisional application claims priority
under 35 U.S.C. §119 to Korean Patent Application No.
10-2013-0139840 filed on Nov. 18, 2013 in the Korean Intel-
lectual Property Office, the contents of which are herein
incorporated by reference in their entirety.

BACKGROUND

1. Field of the Invention

The present inventive concepts relate to a semiconductor
device and a method of fabricating the same.

2. Description of the Related Art

Semiconductor devices are being developed to operate at
high speeds and with a low voltage. In addition, processes of
fabricating a semiconductor devices are being developed to
increase integration density.

Increased integration density can cause a short-channel
effect in a field effect transistor which is a type of semicon-
ductor device. To overcome this problem, a fin field effect
transistor (FinFET) which includes a channel having a three-
dimensional spatial structure is being developed.

SUMMARY

The present inventive concepts provide a semiconductor
device in which various characteristics, for example, thresh-
old voltage (Vth), leakage current, or the like, of a transistor
may be controlled using a width of an active fin formed under
the transistor.

The present inventive concepts also provide a method of
fabricating a semiconductor device, the method being
employed to easily form transistors having various character-
istics which may be controlled using a width of an active fin
formed under the transistors.

However, the example embodiments of the present inven-
tive concepts are not restricted to those set forth herein. The
above and other aspects of the present inventive concepts will
become more apparent to one of ordinary skill in the art to
which the present inventive concepts pertains by referencing
the detailed description of the present inventive concepts
given below.

According to one aspect of the present inventive concepts,
there is provided a semiconductor device including: active
fins protruding from an active layer and extending in a first
direction; a gate structure on the active fins to extend in a
second direction intersecting the first direction; and a spacer
which is disposed on at least one side of the gate structure,
wherein each of the active fins includes a first region and a
second region adjacent to the first region in the first direction,
and a width of the first region in the second direction is
different from a width of the second region in the second
direction.

In some embodiments, the first region is under the gate
structure, and the second region is under the spacer.

In some embodiments, part of the first region is under the
spacer.

In some embodiments, the width of the first region in the
second direction is smaller than the width of the second
region in the second direction.

In some embodiments, the active fins comprise first
through third active fins which are arranged sequentially in
the second direction to be separated from each other, wherein
a first gap between the first region of the first active fin and the
first region of the second active fin is different from a second
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gap between the first region of the second active fin and the
first region of the third active fin.

In some embodiments, the active fins comprise first
through third active fins which are arranged sequentially in
the second direction to be separated from each other, wherein
a first gap between the first region of the first active fin and the
first region of the second active fin is equal to a second gap
between the first region of the second active fin and the first
region of the third active fin.

Insome embodiments, the active fins comprise a first active
fin and a second active fin which are separated from each
other in the first direction, wherein the first active fin is in the
first region, and the second active fin is in the second region.

In some embodiments, the semiconductor device further
includes a self-aligned contact which electrically connects
the first active fin and the second active fin.

In some embodiments, a width of the first active fin in the
second direction is greater than a width of the second active
fin in the second direction, and the first active fin comprises
third through fifth active fins which are arranged sequentially
in the second direction to be separated from each other,
wherein a gap between the third active fin and the fourth
active fin is equal to a gap between the fourth active fin and the
fifth active fin.

In some embodiments, a width of the first active fin in the
second direction is greater than a width of the second active
fin in the second direction, and the first active fin comprises
third through fifth active fins which are arranged sequentially
in the second direction to be separated from each other,
wherein a gap between the third active fin and the fourth
active fin is different from a gap between the fourth active fin
and the fifth active fin.

Insome embodiments, a side of the first active fin is aligned
with a side of the second active fin in the first direction.

According to another aspect of the present inventive con-
cepts, there is provided a semiconductor device including: a
first transistor; and a second transistor, wherein the first tran-
sistor includes a first active fin which extends in a first direc-
tion, and the second transistor includes a second active fin
which is aligned with the first active fin in the first direction,
wherein a width of the first active fin in a second direction
intersecting the first direction is different from a width of the
second active fin in the second direction.

In some embodiments, the semiconductor device includes
a static random access memory (SRAM), wherein the first
transistor comprises a pull-up transistor, and the second tran-
sistor comprises a pull-down transistor.

In some embodiments, wherein the width of the first active
fin in the second direction is greater than the width of the
second active fin in the second direction, and the first active
fin comprises third through fifth active fins which are
arranged sequentially in the second direction to be separated
from each other, wherein a gap between the third active fin
and the fourth active fin is equal to a gap between the fourth
active fin and the fifth active fin.

Insome embodiments, a side of the first active fin is aligned
with a side of the second active fin in the first direction.

According to another aspect of the present inventive con-
cepts, there is provided a semiconductor device including a
plurality of active fins extending in a first direction and a gate
structure extending in a second direction on a portion of each
of the plurality of active fins. Each of the plurality of active
fins includes a first region and a second region. The first
region of each of the plurality of active fins comprises a first
width in the second direction and the second region of each of
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the plurality of active fins comprises a second width in the
second direction. The first width is smaller than the second
width.

In some embodiments, a spacer on at least one side of the
gate structure.

In some embodiments, part of the first region is under the
gate structure and part of the first region is under the spacer,
and the second region is under the spacer.

In some embodiments, the plurality of active fins comprise
first through third active fins which are arranged sequentially
in the second direction to be separated from each other,
wherein a first gap between the first region of the first active
fin and the first region of the second active fin is different from
a second gap between the first region of the second active fin
and the first region of the third active fin.

In some embodiments, plurality of active fins comprise
first through third active fins which are arranged sequentially
in the second direction to be separated from each other,
wherein a first gap between the first region of the first active
fin and the first region of the second active fin is equal to a
second gap between the first region of the second active fin
and the first region of the third active fin.

According to another aspect of the present inventive con-
cepts, there is provided a method of fabricating a semicon-
ductor device. The method includes: forming a dummy struc-
ture, which extends in a first direction, on an active layer;
forming dummy spacers, which extend in the first direction,
on both sides of the dummy structure; changing a width of a
region of each of the dummy spacers in a second direction
intersecting the first direction; exposing a top surface of the
active layer by removing the dummy structure; and forming
active fins by etching the active layer using the dummy spac-
ers as a mask.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the
inventive concepts will be apparent from the more particular
description of embodiments of the inventive concepts, as
illustrated in the accompanying drawings in which like ref-
erence characters refer to the same parts throughout the dif-
ferent views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the principles
of the inventive concepts.

FIG. 1A is a partial layout diagram of a semiconductor
device according to an example embodiment of the present
inventive concepts.

FIG. 1B is a partial perspective view of active fins illus-
trated in FIG. 1A according to an example embodiment of the
present inventive concepts.

FIG. 2 is a perspective view of a region A of FIG. 1A
according to an example embodiment of the present inventive
concepts.

FIG. 3 is a cross-sectional view taken along line B-B of
FIG. 2 according to an example embodiment of the present
inventive concepts.

FIG. 4 is a cross-sectional view taken along line C-C of
FIG. 2 according to an example embodiment of the present
inventive concepts.

FIG. 5 is a partial layout diagram of a semiconductor
device according to an example embodiment of the present
inventive concepts.

FIG. 6 is a partial layout diagram of a semiconductor
device according to an example embodiment of the present
inventive concepts.
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FIG. 7 is a cross-sectional view taken along line D-D of
FIG. 6 according to an example embodiment of the present
inventive concepts.

FIG. 8 is a partial layout diagram of a semiconductor
device according to an example embodiment of the present
inventive concepts.

FIG. 9 is a circuit diagram of a semiconductor device
according to an example embodiment of the present inventive
concepts.

FIG. 10 is a layout diagram of the semiconductor device
illustrated in FIG. 9 according to an example embodiment of
the present inventive concepts.

FIG. 11 is a conceptual diagram of a semiconductor device
according to an example embodiment of the present inventive
concepts.

FIG. 12 is a circuit diagram of a first static random access
memory (SRAM) cell region illustrated in FIG. 11 according
to an example embodiment of the present inventive concepts.

FIG. 13 is a layout diagram of the first SRAM cell region
illustrated in FIG. 11 according to an example embodiment of
the present inventive concepts.

FIG. 14 is a diagram of a semiconductor device according
to an example embodiment of the present inventive concepts.

FIG. 15 is a diagram of a semiconductor device according
to an example embodiment of the present inventive concepts.

FIG. 16 is a block diagram of a wireless communication
device including semiconductor devices according to the
example embodiments of the present inventive concepts.

FIG. 17 is a block diagram of a computing system includ-
ing semiconductor devices according to the example embodi-
ments of the present inventive concepts.

FIG. 18 is a block diagram of an electronic system includ-
ing semiconductor devices according to the example embodi-
ments of the present inventive concepts.

FIGS. 19 through 21 are diagrams illustrating examples of
a semiconductor system to which semiconductor devices
according to the example embodiments of the present inven-
tive concepts may be applied.

FIGS. 22 through 27 are views illustrating steps of methods
of fabricating semiconductor devices according to example
embodiments of the present inventive concepts.

FIGS. 28A through 28D are views illustrating steps of
methods of fabricating semiconductor devices according to
example embodiments of the present inventive concepts.

FIGS. 29A through 29B are views illustrating steps of
methods of fabricating semiconductor devices according to
example embodiments of the present inventive concepts.

FIGS. 30 through 32 are views illustrating steps of methods
of fabricating semiconductor devices according to example
embodiments of the present inventive concepts.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Various example embodiments will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which some example embodiments are shown. The
present inventive concepts may, however, be embodied in
many different forms and should not be construed as limited
to the example embodiments set forth herein.

It will be understood that when an element or layer is
referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element or
layer is referred to as being “directly on,” “directly connected
to” or “directly coupled to” another element or layer, there are
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no intervening elements or layers present. Like numerals
refer to like elements throughout. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items.

Spatially relative terms, such as “below,” “beneath,”
“lower,” “above,” “upper,” and the like, may be used herein
for ease of description to describe one element’s or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” or “beneath” can encompass both an orientation
of above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular example embodiments only and is not intended
to be limiting of the present inventive concepts. As used
herein, the singular forms “a”, “an” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “comprises” and/or “comprising,” when used in this
specification, specify the presence of stated features, integers,
steps, operations, elements and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements and/or compo-
nents.

It will be understood that, although the terms first, second,
third, or the like, may be used herein to describe various
elements, components, regions, layers, and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of the present inventive concepts.

Example embodiments are described herein with reference
to cross-sectional illustrations that are schematic illustrations
of idealized example embodiments (and intermediate struc-
tures). As such, variations from the shapes of the illustrations
as a result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, example embodiments
should not be construed as limited to the particular shapes of
regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing. For
example, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient of
implant concentration at its edges rather than a binary change
from implanted to non-implanted region. Likewise, a buried
region formed by implantation may result in some implanta-
tion in the region between the buried region and the surface
through which the implantation takes place. Thus, the regions
illustrated in the figures are schematic in nature and their
shapes are not intended to illustrate the actual shape of a
region of a device and are not intended to limit the scope of the
present inventive concepts.

Although corresponding plan views and/or perspective
views of some cross-sectional view(s) may not be shown, the
cross-sectional view(s) of device structures illustrated herein
provide support for a plurality of device structures that extend
along two different directions as would be illustrated in a plan
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view, and/or in three different directions as would be illus-
trated in a perspective view. The two different directions may
or may not be orthogonal to each other. The three different
directions may include a third direction that may be orthogo-
nal to the two different directions. The plurality of device
structures may be integrated in a same electronic device. For
example, when a device structure (e.g., a memory cell struc-
ture or a transistor structure) is illustrated in a cross-sectional
view, an electronic device may include a plurality of the
device structures (e.g., memory cell structures or transistor
structures), as would be illustrated by a plan view of the
electronic device. The plurality of device structures may be
arranged in an array and/or in a two-dimensional pattern.

A semiconductor device 1 according to an example
embodiment of the present inventive concepts will now be
described with reference to FIGS. 1A through 4.

FIG. 1A is a partial layout diagram of the semiconductor
device 1 according to an example embodiment of the present
inventive concepts. FIG. 1B is a partial perspective view of
active fins illustrated in FIG. 1A according to an example
embodiment of the present inventive concepts. FIG. 2 is a
partial perspective view of a region A of FIG. 1A according to
an example embodiment of the present inventive concepts.
FIG. 3 is a cross-sectional view taken along line B-B of FIG.
2 according to an example embodiment of the present inven-
tive concepts. FIG. 4 is a cross-sectional view taken along line
C-C of FIG. 2 according to an example embodiment of the
present inventive concepts.

The semiconductor device 1 according to the current
example embodiment includes fin field effect transistors (Fin-
FETs) and will hereinafter be described as an example. How-
ever, the present inventive concepts are not limited to this
embodiment. The technical spirit of the present inventive
concepts is also applicable to a semiconductor device includ-
ing three-dimensional semiconductor elements, for example,
transistors using nanowires, instead of FinFETs.

Referring to FIGS. 1A through 4, the semiconductor device
1 may include a plurality of active fins F1 through F4, a gate
structure 192, and spacers 115.

The active fins F1 through F4 may protrude from an active
layer 100 in a third direction Z as illustrated in FIG. 2. Insome
embodiments of the present inventive concepts, the active fins
F1 through F4 may be formed by partially etching the active
layer 100. However, the present inventive concepts are not
limited thereto.

In some embodiments of the present inventive concepts,
the active layer 100 may be a semiconductor substrate. When
the active layer 100 is a semiconductor substrate, the semi-
conductor substrate may be formed of one or more semicon-
ductor materials selected from the group consisting of Si, Ge,
SiGe, GaP, GaAs, SiC, SiGeC, InAs, and InP.

In some other embodiments of the present inventive con-
cepts, the active layer 100 may be an epitaxial layer formed of
a semiconductor material. Here, the epitaxial layer may be
formed on, for example, an insulating substrate. That is, the
active layer 100 may be an SOI substrate.

The active layer 100 formed as an SOI substrate may
reduce a delay time in the operation process of the semicon-
ductor device 1.

The active fins F1 through F4 may extend in a first direction
Y and may be separated from each other in a second direction
X.

Inthe example embodiment of FIGS. 1A through 4, each of
the active fins F1 through F4 may include a first region I and
asecond region II. Here, the second region Il may be disposed
adjacent to the first region I in the first direction Y.
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Inthe example embodiment of FIGS. 1A through 4, a width
W1 of the first region I of the fins F1 through F4 extending in
the second direction X may be different from a width W2 of
the second region Il of the fins F1 through F4 extending in the
second direction X. Specifically, the width W1 of the first
region I of the fins F1 through F4 extending in the second
direction X may be smaller than the width W2 of the second
region II of the fins F1 through F4 extending in the second
direction X.

In the example embodiment of FIGS. 1A through 4, the
first region I may be asymmetrical with respect to a centerline
of'each of the active fins F1 through F4 which extends in the
first directionY. That is, a distance from the centerline of each
of'the active fins F1 through F4 to a first side of the first region
1 in the second direction X may be different from a distance
from the centerline to the other side of the first region I
opposite the first side.

In the example embodiment of FIGS. 1A through 4, two of
the active fins F1 through F4 may form each group, because
two active fins are formed from one dummy gate structure 10,
as illustrated in FIG. 22, referred to as a mandrel, as will be
described in detail later.

As described above, in the example embodiment of FIGS.
1A through 4, the firstregion I is asymmetrical with respect to
the centerline of each of the active fins F1 through F4, and two
of the active fins F1 through F4 form each group. Therefore,
afirst gap L1 between the first region I of the first active fin F1
and the first region I of the second active fin F2 may be
different from a second gap 1.2 between the first region I of the
second active fin F2 and the first region I of the third active fin
F3. Specifically, in the example embodiment of FIGS. 1A
through 4, the first gap [.1 may be smaller than the second gap
L2.

A device isolation layer 101 may cover side surfaces of
each of the active fins F1 through F4. Specifically, the device
isolation layer 101 may cover alower part of each of the active
fins F1 through F4, as illustrated in FIG. 3. In some embodi-
ments of the present inventive concepts, the device isolation
layer 101 may be, for example, an insulating layer. More
specifically, the device isolation layer 101 may be, but is not
limited to, a silicon oxide (Si0,) layer, a silicon nitride (SiN)
layer, or a silicon oxynitride (SiON) layer.

As illustrated in FIGS. 2 and 3, a cross-section of each of
the active fins F1 through F4 may be tapered, that is, may
become wider from top to bottom. However, the cross-sec-
tional shape of each of the active fins F1 through F4 is not
limited to the tapered shape. In some embodiments, each of
the active fins F1 through F4 may have a quadrangular cross-
sectional shape. In some other embodiments, each of the
active fins F1 through F4 may have a chamfered cross-sec-
tional shape. That is, corners of each of the active fins F1
through F4 may be curved.

The gate structure 192 may be formed on the active fins F1
through F4 to extend in the second direction X. The spacers
115 may be disposed on both sides of the gate structure 192.
The spacers 115 may be disposed on the active fins F1 through
F4 to extend in the second direction X.

In some embodiments of the present inventive concepts,
the first region I of each of the active fins F1 through F4 may
be disposed under the gate structure 192, and the second
region II of each of the active fins F1 through F4 may be
disposed under each of the spacers 115. In some embodi-
ments of the present inventive concepts, part of the first region
I of each of the active fins F1 through F4 may be disposed
under the spacers 115. That is, a boundary between the first
region I and the second region I of each of the active fins F1
through F4 may be formed under each of the spacers 115.
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In the example embodiment of FIGS. 1A through 4, a
transistor may be formed on the first region I of each of the
active fins F1 through F4 and part of the second region II of
each of the active fins F1 through F4. The transistor may
include the gate structure 192, the spacers 115, and source/
drain regions 161.

The gate structure 192 may include an interface layer 120,
a gate insulating layer 132, a work function control layer 142,
and a gate electrode 162 sequentially formed on the active fins
F1 through F4.

The interface layer 120 may be disposed on the device
isolation layer 101 and the active fins F1 through F4 to extend
in the second direction X. The interface layer 120 may be
formed between spacers 115 at a bottom portion thereof. The
interface layer 120 may include a low-k material layer having
a dielectric constant (k), for example, of 9 or less, for
example, a silicon oxide layer (having a dielectric constant of
approximately 4) or a silicon oxynitride layer (having a
dielectric constant of approximately 4 to 8 depending on the
content of oxygen atoms and nitrogen atoms). Alternatively,
the interface layer 120 may be formed of silicate or a combi-
nation of the above example layers.

The gate insulating layer 132 may be disposed on the
interface layer 120. Specifically, the gate insulating layer 132
may extend in the second direction X and partially cover an
upper part of each of the active fins F1 through F4. As illus-
trated in FIG. 4, the gate insulating layer 132 may also extend
upward, that is, in the third direction Z, along sidewalls of the
spacers 115 disposed on both sides of the gate electrode 162.
The gate insulating layer 132 extends along vertical sidewalls
of'the gate electrode 162 below gate electrode 162 and along
an upper portion of active fins F1 through F4. The gate insu-
lating layer 132 is formed between the interface layer 120 and
the work function control layer 142. In the example embodi-
ment of FIGS. 1A through 4, the gate insulating layer 132 is
shaped as described above because it is formed by a replace-
ment process (or a gate last process). However, the present
inventive concepts are not limited thereto, and the shape of the
gate insulating layer 132 may vary as desired.

In some other embodiments of the present inventive con-
cepts, the gate insulating layer 132 may be formed by a gate
first process. Thus, the gate insulating layer 132 may not
extend upward along the sidewalls of the spacers 115, unlike
in FIG. 4. That is, the gate insulating layer 132 may extend
between spacer 115 at a bottom portion thereof.

The gate insulting layer 132 may be formed of a high-k
material. In some embodiments of the present invention, the
gate insulating layer 132 may be formed of, but not limited to
HfO,, Al,0O,, ZrO,, TaO,, or the like.

The work function control layer 142 may be disposed on
the gate insulating layer 132. The work function control layer
142 may extend in the second direction X and partially cover
the upper part of each of the active fins F1 through F4. Like
the gate insulating layer 132, the work function control layer
142 may extend upward along the sidewalls of the spacers 115
that is, in the third direction Z. The gate insulating layer 132
may be formed between the spacers 115 and the work func-
tion control layer 142. The work function control layer 142
may extend along vertical side walls of the gate electrode 162,
below gate electrode 162 and along an upper portion of the
active fins F1 through F4. In the example embodiment of
FIGS. 1A through 4, the work function control layer 142 is
shaped as described above because it is formed by a replace-
ment process (or a gate last process). However, the present
inventive concepts are not limited thereto, and the shape of the
work function control layer 142 may vary as desired.
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The work function control layer 142 may be a layer used to
control the work function of a transistor. The work function
control layer 142 may be at least one of an n-type work
function control layer and a p-type work function control
layer. When the work function control layer 142 according to
the example embodiment of FIGS. 1A through 4 is an n-type
work function control layer. The work function control layer
142 may be, but is not limited to, TiAl, TIAIN, TaC, TaAlN,
TiC, or HfSi.

When the work function control layer 142 according to the
example embodiment of FIGS. 1A through 4 is a p-type work
function control layer, it may include, for example, metal
nitride. Specifically, in some embodiments of the present
inventive concepts, the work function control layer 142 may
include at least one of TiN and TaN. More specifically, the
work function control layer 142 may be, but is not limited to,
a single layer formed of TiN or a double layer composed of a
TiN lower layer and a TaN upper layer.

The gate electrode 162 may be disposed on the work func-
tion control layer 142. The gate electrode 162 may extend in
the second direction X and partially cover the upper part of
each of the active fins F1 through F4. The gate electrode may
be disposed between spacers 115.

The gate electrode 162 may include a highly conductive
material. In some embodiments of the present inventive con-
cepts, the gate electrode 162 may include a metal, for
example. The metal may include, but is not limited to, Al and
W.

Recesses 125 may be formed in each of the active fins F1
through F4 on both sides of the gate structure 192. Each of the
recesses 125 may have sloping sidewalls. Thus, the recesses
125 may become wider as the distance from the active layer
100 increases. That is, as the recesses 125 extend in the third
direction Z, the recesses become wider. As illustrated in FIG.
2, the recesses 125 may be wider than the active fins F1
through F4.

The source/drain regions 161 may be formed in the
recesses 125, respectively. In some embodiments of the
present inventive concepts, the source/drain regions 161 may
be elevated source/drain regions. That is, top surfaces of the
source/drain regions 161 may be higher than top surfaces of
the active fins F1 through F4, as illustrated in FIGS. 2 and 4.
In addition, the source/drain regions 161 may be insulated
from the gate structure 192 by the spacers 115.

In an embodiment having a p-type transistor, the source/
drain regions 161 may include a compressive stress material.
The compressive stress material may be a material, for
example, SiGe, having a greater lattice constant than Si. The
compressive stress material may improve the mobility of
carriers in a channel region by applying compressive stress to
each of the active fins F1 through F4.

In an embodiment having an n-type transistor, the source/
drain regions 161 may include the same material as the active
layer 100 or a tensile stress material. For example, when the
active layer 100 includes Si, the source/drain regions 161 may
include Si or a material, for example, SiC, having a smaller
lattice constant than Si.

In the example embodiment of FIGS. 1A through 4, the
recesses 125 are formed in each of the active fins F1 through
F4, and the source/drain regions 161 are formed in the
recesses 125. However, the present inventive concepts are not
limited thereto. In some embodiments of the present inventive
concepts, the source/drain regions 161 may be formed in each
of the active fins F1 through F4 by injecting impurities
directly into each of the active fins F1 through F4.
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Although only part of an interlayer insulating film 102 is
illustrated in FIG. 2, the interlayer insulating film 102 may
cover the source/drain regions 161 and the gate structure 192.

Transistors provided in the semiconductor device 1 accord-
ing to the example embodiment of FIGS. 1A through 4 may
have various threshold voltages (Vt) according to the widths
W1 and W2 of the active fins F1 through F4 in the second
direction X. For example, if the gate structure 192 and the
spacers 115 extending in the second direction X in FIG. 1A
are placed on the second regions II of the active fins F1
through F4, similar to FIG. 6, transistors formed on the sec-
ond regions II of the active fins F1 through F4 may have
different effective channel widths from transistors formed on
the first regions I of the active fins F1 through F4 due to the
first region I having the width W1 in the second direction
which is different than the width W2 in the second direction of
the second region II. Therefore, threshold voltages of the
transistors formed on the second regions II of the active fins
F1 through F4 may be different from threshold voltages of the
transistors formed on the first regions I of the active fins F1
through F4. In addition, leakage currents of the transistors
formed on the second regions II of the active fins F1 through
F4 may be different from leakage currents of the transistors
formed on the first regions I of the active fins F1 through F4.

That is, in the semiconductor device 1 according to the
example embodiment of FIGS. 1A through 4, since each of
the active fins F1 through F4 has different widths W1 and W2
in the second direction X, a plurality of transistors having
various characteristics can be provided.

A semiconductor device 2 according to an example
embodiment of the present inventive concepts will now be
described with reference to FIG. 5.

FIG. 5 is a partial layout diagram of the semiconductor
device 2 according to an example embodiment of the present
inventive concepts. For simplicity, a description of elements
already described in the previous example embodiment will
be omitted, and the example embodiment will hereinafter be
described, focusing mainly on differences from the previous
example embodiment.

Referring to FIG. 5, in the semiconductor device 2 accord-
ing to the example embodiment of FIG. 5, a first region I of
each of a plurality of active fins F1 through F4 may have a
different shape from that of each of the active fins F1 through
F4 in the previous example embodiment of FIGS. 1A through
4. That is, in the previous example embodiment of FIGS. 1A
through 4, the first region I of FIG. 1A of each of the active
fins F1 through F4 of FIG. 1A is asymmetrical with respect to
the centerline extending in the first direction Y of each of the
active fins F1 through F4. In the example embodiment of FIG.
5, however, the first region I of each of the active fins F1
through F4 may be symmetrical with respect to a centerline
extending in the first direction Y of each of the active fins F1
through F4. That is, a distance from the centerline of each of
the active fins F1 through F4 to a first side of the first region
1 of the active fins F1 through F4 may be equal to a distance
from the centerline to the other side of the first region I of the
active fins F1 through F4 opposite the first side.

Since the first region [ of each the active fins F1 through F4
is symmetrical with respect to the centerline of each of the
active fins F1 through F4, a third gap 1.3 between the first
region | of the first active fin F1 and the first region I of the
second active fin F2 may be equal to a fourth gap [.4 between
the first region I of the second active fin F2 and the first region
I of the third active fin F3. If equal gaps are maintained
between the active fins F1 through F4, a plurality of transis-
tors having the same characteristics can be formed using one
gate structure 192.
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In the example embodiment of FIG. 5, a width W3 of the
first region I of each of the active fins F1 through F4 in a
second direction X may be different from a width W4 of a
second region I1 of each of the active fins F1 through F4 in the
second direction X. Specifically, the width W3 of the first
region I of each of the active fins F1 through F4 in the second
direction X may be smaller than the width W4 of the second
region II of each of the active fins F1 through F4 in the second
direction X. Accordingly, the example embodiment of FIG. 5
may also provide transistors having various characteristics
according to the width W3 or W4 of each of the active fins F1
through F4 in the second direction X, similar to FIG. 6.

A semiconductor device 3 according to an example
embodiment of the present inventive concepts will now be
described with reference to FIGS. 6 and 7.

FIG. 6 is a partial layout diagram of the semiconductor
device 3 according to an example embodiment of the present
inventive concepts. FIG. 7 is a cross-sectional view taken
along line D-D of FIG. 6 according to an example embodi-
ment of the present inventive concepts. For simplicity, a
description of elements already described in the previous
example embodiments will be omitted, and the example
embodiment of FIGS. 6 and 7 will hereinafter be described,
focusing mainly on differences from the previous example
embodiments.

Referring to FIG. 6, in the semiconductor device 3 accord-
ing to the example embodiment of FIG. 6, a plurality ofactive
fins F11 through F13, F21 through F23, F31 through F33 and
F41 through F43 may be separated from each other in the first
directionY and the second direction X. That is, the first active
fin F1 of FIGS. 1A and 5 of the previous example embodi-
ments may include the eleventh through thirteenth active fins
F11 through F13 which are separated from each other in the
first direction Y, the second active fin F2 of FIGS. 1A and 5
may include the twenty first through twenty third active fins
F21 through F23 which are separated from each other in the
first direction'Y, the third active fin F3 of FIGS. 1A and 5 may
include the thirty first through thirty third active fins F31
through F33 which are separated from each other in the first
directionY, and the fourth active fin F4 of FIGS. 1A and 5 may
include the forty first through forty third active fins F41
through F43 which are separated from each other in the first
direction Y. Each of group of the plurality of active fins F11
through F13, F21 through F23, F31 through F33 and F41
through F43 are separated from each other in the second
direction X, respectively.

In the example embodiment of FIG. 6, a self-aligned con-
tact 177 may be formed between every two adjacent ones of
the active fins F11 through F13, F21 through F23, F31
through F33 and F41 through F43, which are separated from
each other in the first direction Y, so as to electrically connect
the active fins F11 through F13, F21 through F23, F31
through F33 and F41 through F43, respectively. As illustrated
in FIG. 7, the self-aligned contact 177 may be formed using a
capping layer 179 formed on each gate electrode 162. How-
ever, the present inventive concepts are not limited thereto,
and the self-aligned contact 177 may be omitted when nec-
essary.

In the example embodiment of FIG. 6, in a second direction
X, awidth W5 of each of the active fins F12,F22, F32 and F42
located in a first region I may be different from a width W6 of
each of the active fins F11, F21, F31 and F41 and F13, F23,
F33 and F43 located in the second region II. Specifically, in
the second direction X, the width W5 of each of the active fins
F12, F22, F32 and F42 located in the first region I may be
smaller than the width W6 of each of the active fins F11, F21,
F31 and F41 and F13, F23, F33 and F43 located in the second
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region I1. Accordingly, in the example embodiment of FIG. 6,
transistors formed on the active fins F12, F22, F32 and F42
located in the first region I may have different characteristics
from transistors formed on the active fins F11, F21, F31 and
F41 and F13, F23, F33 and F43 located in the second region
1I.

In the example embodiment of FIG. 6, in the first direction
Y, respective sides of the active fins F12, F22, F32 and F42
located in the first region I may be aligned with respective
sides of the active fins F11, F21, F31 and F41 and F13, F23,
F33 and F43 located in the second region II. However, in the
first direction Y, the other respective sides of the active fins
F12, F22, F32 and F42 located in the first region I may not be
aligned with the other respective sides of the active fins F11,
F21, F31 and F41 and F13, F23, F33 and F43 located in the
second region II.

A fifth gap L5 between the thirteenth active fin F13 and the
twenty third active fin F23 located in the second region Il may
be equal to a sixth gap [.6 between the twenty third active fin
F23 and the thirty third active fin F33 located in the second
region I1. Therefore, a plurality of transistors having the same
characteristics can be formed using one gate structure 192.

A semiconductor device 4 according to an example
embodiment of the present inventive concepts will now be
described with reference to FIG. 8.

FIG. 8 is a partial layout diagram of the semiconductor
device 4 according to an example embodiment of the present
inventive concepts. For simplicity, a description of elements
already described in the previous example embodiments will
be omitted, and the example embodiment of FIG. 8 will
hereinafter be described, focusing mainly on differences from
the previous example embodiments.

Referring to FIG. 8, in the semiconductor device 4 accord-
ing to the example embodiment of FIG. 8, a plurality of active
fins F11,F21, F31 and F41 and F13,F23, F33 and F43 located
in a second region II may be asymmetrical with respect to
respective centerlines extending in the first direction Y of a
plurality of active fins F12, F22, F32 and 42 located in a first
region 1, similar to FIG. 1A.

That is, in a first direction Y, respective first sides of the
active fins F12, F22, F32 and F42 located in the first region |
may be aligned with respective first sides of the active fins
F11,F21, F31 and F41 and F13, F23, F33 and F43 located in
the second region II. However, in the first direction Y, the
other respective sides of the active fins F12, F22, F32 and F42
opposite the first sides of the active fins F12, F22, F32 and F42
located in the first region I may not be aligned with the other
respective sides opposite the first sides of the active fins F11,
F21, F31 and F41 and F13, F23, F33 and F43 located in the
second region II.

Inthe example embodiment of FIG. 8, two of the active fins
F11,F21, F31 and F41, F12, F22, F32 and F42 and F13, F23,
F33 and F43 may form each group. This may be because a
pair of active fins are formed from one dummy structure 10, as
described in connection with FIG. 22.

Inthe example embodiment of FI1G. 8, in a second direction
X, awidth W7 of each ofthe active fins F12,F22, F32 and F42
located in a first region I may be different from a width W8 of
each of the active fins F11, F21, F31 and F41 and F13, F23,
F33 and F43 located in the second region I1. Specifically, in
the second direction X, the width W7 of each of the active fins
F12, F22, F32 and F42 located in the first region I may be
smaller than the width W8 of each of the active fins F11, F21,
F31 and F41 and F13, F23, F33 and F43 located in the second
region 1.

Since the active fins F11, F21, F31 and F41, F12, F22, F32
and F42 and F13, F23, F33 and F43 are shaped as described
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above, the active fins F11 through F13, F21 through F23 and
F31 through F33 may be separated from each other in a
second direction X by gaps having different distances in the
second direction X. Specifically, a seventh gap [.7 between
the thirteenth active fin F13 and the twenty-third active fin
F23 located in the second region 11 may be different from an
eighth gap .8 between the twenty-third active fin F23 and the
thirty-third active fin F33 located in the second region II.
More specifically, the width in the second direction X of the
seventh gap .7 may be greater than the width in the second
direction X of the eighth gap L8 as illustrated in FIG. 8.

A semiconductor device 5 according to an example
embodiment of the present inventive concepts will now be
described with reference to FIGS. 9 and 10.

FIG. 9 is a circuit diagram of the semiconductor device 5
according to an example embodiment of the present inventive
concepts. FIG. 10 is a layout diagram of the semiconductor
device 5 illustrated in FIG. 9 according to an example
embodiment of the present inventive concepts. For simplicity,
the example embodiment of FIGS. 9 and 10 will hereinafter
be described, focusing mainly on differences from the previ-
ous example embodiments.

Referring to FIGS. 9 and 10, the semiconductor device 5
may include a pair of first and second inverters INV1 and
INV2 connected in parallel between a power source node
VCC and a ground node VSS and first and second pass tran-
sistors PS1 and PS2 respectively connected to output nodes of
the first and second inverters INV1 and INV2. The first and
second pass transistors PS1and PS2 may be connected to a bit
line BL. and a complementary bit line BLb, respectively.
Gates of'the first and second pass transistors PS1 and PS2 may
be connected to a word line WL.

The first inverter INV1 includes a first pull-up transistor
PU1 and a first pull-down transistor PD1 connected in series,
and the second inverter INV2 includes a second pull-up tran-
sistor PU2 and a second pull-down transistor PD2 connected
in series. The first and second pull-up transistors PU1 and
PU2 may be, for example, p-type field effect transistors
(PFETs), and the first and second pull-down transistors PD1
and PD2 may be, for example, n-type field effect transistors
(NFETs).

An input node of the first inverter INV1 is connected to the
output node of the second inverter INV2, and an input node of
the second inverter INV2 is connected to the output node of
the first inverter INV1. Thereby, the first and second inverters
INV1 and INV2 form a single latch circuit.

Referring again to FIGS. 9 and 10, a first active fin 210, a
second active fin 220, a third active fin 230 and a fourth active
fin 240 may extend in a direction, for example, a vertical
direction, as illustrated in FIG. 10, and are separated from
each other in the second direction X. The second active fin
220 and the third active fin 230 may be shorter than the first
active fin 210 and the fourth active fin 240.

In addition, a first gate electrode 251, a second gate elec-
trode 252, a third gate electrode 253, and a fourth gate elec-
trode 254 may extend in another direction, for example, the
second direction X, as illustrated in FIG. 10, to intersect the
first through fourth active fins 210 through 240. Specifically,
the first gate electrode 251 may completely intersect the first
active fin 210 and the second active fin 220 and partially
overlap an end of the third active fin 230. The third gate
electrode 253 may completely intersect the fourth active fin
240 and the third active fin 230 and partially overlap an end of
the second active fin 220. The second gate electrode 252 and
the fourth gate electrode 254 may intersect the first active fin
210 and the fourth active fin 240, respectively.
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The first pull-up transistor PU1 may be defined near the
intersection of the first gate electrode 251 and the second
active fin 220. The first pull-down transistor PD1 may be
defined near the intersection of the first gate electrode 251 and
the first active fin 210. The first pass transistor PS1 may be
defined near the intersection of the second gate electrode 252
and the first active fin 210. The second pull-up transistor PU2
may be defined near the intersection of the third gate electrode
253 and the third active fin 230. The second pull-down tran-
sistor PD2 may be defined near the intersection of the third
gate electrode 253 and the fourth active fin 240. The second
pass transistor PS2 may be defined near the intersection of the
fourth gate electrode 254 and the fourth active fin 240.

A source/drain region may be formed on both sides of each
of the intersections between the first through fourth gate
electrodes 251 through 254 and the first through fourth active
fins 210 through 240, respectively. A plurality of contacts 25
may also be formed.

A first shared contact 261 may connect all of the second
active fin 220, the third gate line 253, and wiring 271. A
second shared contact 262 may connect all of the third active
fin 230, the first gate line 251, and wiring 272.

The semiconductor device 5 may be used as, for example,
a static random access memory (SRAM). At least one of the
transistors PU1 and PU2, PD1 and PD2, and PS1 and PS2
included in the semiconductor device 5 may employ the struc-
tures according to the above-described embodiments. For
example, the first pass transistor PS1 of FIG. 10 may be
formed on the thirteenth active fin F13 of FIG. 6, and the first
pull-down transistor PD1 of FIG. 10 may be formed on the
twelfth active fin F12 of FIG. 6. In addition, the second
pull-down transistor PD2 of FIG. 10 may be formed on the
thirteenth active fin F13 of FIG. 8, and the second pass tran-
sistor PS2 of FIG. 10 may be formed on the tweltth active fin
F12 of FIG. 8.

A semiconductor device 6 according to an example
embodiment of the present inventive concepts will now be
described with reference to FIGS. 11 through 13.

FIG. 11 is a conceptual diagram of the semiconductor
device 6 according to an example embodiment of the present
inventive concepts. FIG. 12 is a circuit diagram of a first
SRAM cell region SMC1 illustrated in FIG. 11 according to
an example embodiment of the present inventive concepts.
FIG. 13 is a layout diagram of the first SRAM cell region
SMCl1 illustrated in FIG. 11 according to an example embodi-
ment of the present inventive concepts. For simplicity, the
example embodiment of FIGS. 11 through 13 will hereinafter
be described, focusing mainly on differences from the previ-
ous example embodiments.

An embodiment in which an SRAM disposed in each
memory cell array region MR will hereinafter be described as
an example, but the present inventive concepts are not limited
to this example embodiment. In addition, an embodiment in
which 8T SRAM, each including 8 transistors, are disposed in
each memory cell array region MR will hereinafter be
described as an example, but the present inventive concepts
are not limited to this embodiment.

Referring to FIG. 11, a plurality of SRAM cell regions
SMC1, SMC2, . . . may be disposed in a memory cell array
region MR of the semiconductor device 6. The SRAM cell
regions SMC1, SMC2, . .. may be arranged in a lattice pattern
to form an array.

Referring to FIG. 12, each SRAM cell region, for example,
the first SRAM cell region SMC1, may include a pair of first
and second inverters INV1 and INV2 connected in parallel
between a power source node VDD and a ground node VSS,
first and second select transistors PS1 and PS2, respectively,
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connected to output nodes of the first and second inverters
INV1 and INV2, a drive transistor DT controlled by an output
of'the first inverter INV1, and a pass transistor PT connected
to an output node of the drive transistor DT. That is, in the
example embodiment of FIGS. 11 through 13, each SRAM
cell region, for example, the first SRAM cell region SMC1,
may include an SRAM device including eight transistors.

The first and second select transistors PS1 and PS2 may be
connected to a bit line BL. and a complementary bit line BLb,
respectively. Gates of the first and second select transistors
PS1 and PS2 may be connected to a write word line WWL.

The first inverter INV1 includes a first pull-up transistor
PU1 and a first pull-down transistor PD1 connected in series,
and the second inverter INV2 includes a second pull-up tran-
sistor PU2 and a second pull-down transistor PD2 connected
in series. The first and second pull-up transistors PU1 and
PU2 may be, for example, PFETs, and the first and second
pull-down transistors PD1 and PD2 may be, for example,
NFETs.

An input node of the first inverter INV1 may be connected
to the output node of the second inverter INV2, and an input
node of the second inverter INV2 may be connected to the
output node of the first inverter INV1. Thereby, the first and
second inverters INV1 and INV2 may form a single latch
circuit.

The drive transistor DT and the pass transistor PT may be
used to read data stored in the latch circuit formed by the first
inverter INV1 and the second inverter INV2. A gate of the
drive transistor DT may be connected to the output node of the
first inverter INV1, and a gate ofthe pass transistor PT may be
connected to a read word line RWL. An output of the drive
transistor DT may be connected to the ground node VSS, and
an output of the pass transistor PT may be connected to a read
bit line RBL.

The above circuit configuration of the semiconductor
device 6 according to the example embodiment allows for
data stored in an SRAM device to be accessed through two
ports, for example, a double port. First, by selecting the write
word line WWL, the bit line BL,, and the complementary bit
line BLb, it is possible to write data to the latch circuit formed
by the first inverter INV1 and the second inverter INV2 or
read data stored in the latch circuit formed by the first inverter
INV1 and the second inverter INV2. That is, this path may be
used as a first port. In addition, by selecting the read word line
RWL and the read bit line RBL, it is possible to read data
stored in the latch circuit formed by the first inverter INV1
and the second inverter INV2. That is, this path may be used
as a second port.

In the SRAM device, an operation of reading data through
the second port may be performed independently of an opera-
tion of the first port. Therefore, the operation of reading data
may not affect data stored in the latch circuit formed by the
first inverter INV1 and the second inverter INV2. That is, an
operation of reading data stored in the latch circuit and an
operation of writing data to the latch circuit may be performed
independently from each other.

Referring additionally to FIG. 13, each SRAM cell region,
for example, the first SRAM cell region SMC1, may include
nine active fins F1 through F9, five gate electrodes G1
through G5, and a plurality of contacts 300, 302, 304, 306,
308, 310, 312, 314, 316, 318, 320, 322, 324 and 326.

First through ninth active fins F1 through F9 may extend in
a first direction Y.

A first gate electrode G1 may overlap the first through third
active fins F1 through F3 and extend in a second direction X.
The first pull-down transistor PD1 may be formed at each of
the intersections of the first and second active fins F1 and F2
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and the first gate electrode G1. The first pull-up transistor PU1
may be formed at the intersection of the third active fin F3 and
the first gate electrode G1.

A source of the first pull-down transistor PD1 may be
connected to a second contact 302. The second contact 302
may be connected to the ground node VSS. A source of the
first pull-up transistor PU1 may be connected to a fifth contact
308. The fifth contact 308 may be connected to the power
source node VDD. A drain of the first pull-down transistor
PD1 and a drain of the first pull-up transistor PU1 may be
connected to a first contact 300. That is, the first pull-down
transistor PD1 and the first pull-up transistor PU1 may share
the first contact 300.

The first select transistor PS1 may be formed at each of'the
intersections of the first and second active fins F1 and F2 and
a second gate electrode G2. The second gate electrode G2
may overlap the first and second active fins F1 and F2 and
extend in the second direction X. A drain of the first select
transistor PS1 may be connected to the first contact 300. That
is, the first pull-down transistor PD1, the first pull-up transis-
tor PU1, and the first select transistor PS1 may share the first
contact 300. A source of the first select transistor PS1 may be
connected to a fourth contact 306. The fourth contact 306 may
be connected to the bit line BL. The second gate electrode G2
may be connected to athird contact 304. The third contact 304
may be connected to the write word line WWL.

The first pull-down transistor PD1 and the first select tran-
sistor PS1 may be formed using two active fins F1 and F2, and
the first pull-up transistor PU1 may be formed using one
active fin F3. Therefore, the first pull-down transistor PD1
and the first select transistor PS1 may be larger than the first
pull-up transistor PU1.

A sixth contact 310 may be connected to the first contact
300 by the third active fin F3. The sixth contact 310 may be
connected to a fifth gate electrode G5. The fifth gate electrode
G5 may extend in the second direction X to intersect the
fourth through ninth active fins F4 through F9.

The second pull-up transistor PU2 may be formed at the
intersection of the fourth active fin F4 and the fifth gate
electrode G5. The second pull-down transistor PD2 may be
formed at each of the intersections of the fifth and sixth active
fins F5 and Fé and the fifth gate electrode G5. The drive
transistor DT may be formed at each of the intersections of the
seventh through ninth active fins F7 through F9 and the fifth
gate electrode G5.

Since the first contact 300 is connected to the fifth gate
electrode G5 by the third active fin F3 and the sixth contact
310, outputs of the first pull-up transistor PU1, the first pull-
down transistor PD1, and the first select transistor PS1 may be
transmitted to gates of the second pull-up transistor PU2, the
second pull-down transistor PD2, and the drive transistor DT.

A drain of the second pull-up transistor PU2 and a drain of
the second pull-down transistor PD2 may be connected to a
fourteenth contact 326 and a seventh contact 312 by the active
fin F4. The seventh contact 312 may be connected to the first
gate electrode G1. Therefore, an output of the second pull-up
transistor PU2 and an output of the second pull-down tran-
sistor PD2 may be transmitted to gates of the first pull-up
transistor PU1 and the first pull-down transistor PD1.

A source of the second pull-up transistor PU2 may be
connected to an eighth contact 314. The eighth contact 314
may be connected to the power source node VDD. A source of
the second pull-down transistor PD2 and a source of the drive
transistor DT may be connected to a thirteenth contact 324.
The thirteenth contact 324 may be connected to the ground
node VSS.
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The second select transistor PS2 may be formed at each of
the intersection of the fifth and sixth active fins F'5 and F6 and
a third gate electrode G3. The third gate electrode G3 may
extend in the second direction X to intersect the fifth and sixth
active fins F5 and F6. The pass transistor PT may be formed
at each of the intersections of the seventh through ninth active
fins F7 through F9 and a fourth gate electrode G4. The fourth
gate electrode G4 may extend in the second direction X and
intersect the seventh, eighth and ninth active fins F7, F8 and
F9.

A source of the second select transistor PS2 may be con-
nected to a ninth contact 316. The ninth contact 316 may be
connected to the complementary bit line BLb. A drain of the
second select transistor PS2 may be connected to the four-
teenth contact 326. Since the fourteenth contact 326 is con-
nected to the seventh contact 312 by the fourth active fin F4,
an output of the second select transistor PS2 may be trans-
mitted to the gates of the first pull-up transistor PU1 and the
first pull-down transistor PD1. The third gate electrode G3
may be connected to a tenth contact 318. The tenth contact
318 may be connected to the write word line WWL. That is,
the tenth contact 318 and the fourth contact 306 may be
electrically connected to each other.

A source of the pass transistor PT may be connected to an
eleventh contact 320. The eleventh contact 320 may be con-
nected to the read bit line RBL. A drain of the pass transistor
PT may be connected to a drain of the drive transistor DT.

The fourth gate electrode G4 may be connected to the
twelfth contact 322. The twelfth contact 322 may be con-
nected to the read word line RWL. In the example embodi-
ment of FIGS. 11 through 13, the first SRAM cell region
SMCI1 and the second SRAM cell region SMC2 may share
the twelfth contact 322 and the thirteenth contact 324. How-
ever, the present inventive concepts are not limited thereto,
and various modifications may be made. For example, in
some embodiments of the present inventive concepts, the first
SRAM cell region SMC1 and the second SRAM cell region
SMC?2 may not share a contact and may be respectively con-
nected to the write word line RWL and the ground node VSS
by separate contacts.

The drive transistor DT and the pass transistor PT may be
formed using three active fins F7 through F9. The second
pull-down transistor PD2 and the second select transistor PS2
may be formed using two active fins F5 and F6. The second
pull-up transistor PU2 may be formed using one active fin F4.
Therefore, the drive transistor DT and the pass transistor PT
may be larger than the second pull-down transistor PD2 and
the second select transistor PS2, and the second pull-down
transistor PD2 and the second select transistor PS2 may be
larger than the second pull-up transistor PU2. That is, in the
example embodiment of FIGS. 11 through 13, transistors
disposed at a boundary between the first SRAM cell region
SMC1 and the second SRAM cell region SMC2 may be larger
than transistors far away from the boundary between the first
SRAM cell region SMC1 and the second SRAM cell region
SMC2.

Atleast one of the transistors PU1 and PU2, PD1 and PD2,
PS1 and PS2, PT and DT included in the semiconductor
device 6 may employ the structures according to the above-
described example embodiments.

Semiconductor devices 13 and 14 according to example
embodiments of the present inventive concepts will now be
described with reference to FIGS. 14 and 15, respectively.

FIG. 14 is a diagram of the semiconductor device 13
according to an example embodiment of the present inventive
concepts. FIG. 15 is a diagram of the semiconductor device
14 according to an example embodiment of the present inven-
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tive concepts. For simplicity, the example embodiments of
FIGS. 14 and 15 will hereinafter be described, focusing
mainly on differences from the previous example embodi-
ments.

Referring to FIG. 14, the semiconductor device 13 accord-
ing to the example embodiment of the present inventive con-
cepts may include a logic region 410 and an SRAM region
420. A first transistor 411 may be disposed in the logic region
410, and a second transistor 421 may be disposed in the
SRAM region 420.

Referring to FIG. 15, the semiconductor device 14 accord-
ing to the example embodiment of the present inventive con-
cepts may include a logic region 410. In the logic region 410,
third and fourth transistors 412 and 422 which are different
from each other may be disposed. Although not specifically
illustrated, the third and fourth transistors 412 and 422 which
are different from each other may also be disposed in an
SRAM region.

The first transistor 411 may be any one of the semiconduc-
tor devices 1 through 4 of FIGS. 1A through 8, respectively,
according to the above-described example embodiments of
the present inventive concepts, and the second transistor 421
may be any one of the semiconductor devices 5 and 6 of FIGS.
9 through 13, respectively, according to the above-described
example embodiments of the present inventive concepts. For
example, the first transistor 411 may be the semiconductor
device 1 of FIG. 1A, and the second transistor 421 may be the
semiconductor device 5 of FIGS. 9 and 10.

The third transistor 412 may be any one of the semicon-
ductor devices 1 through 4 of FIGS. 1A through 8, respec-
tively, according to the above-described example embodi-
ments of the present inventive concepts, and the fourth
transistor 422 may be another one of the semiconductor
devices 1 through 4 of FIGS. 1A through 8, respectively,
according to the above-described example embodiments of
the present inventive concepts.

In FIG. 14, the logic region 410 and the SRAM region 420
are illustrated as an example, but the present inventive con-
cepts are not limited to this example. The present inventive
concepts are also applicable to the logic region 410 and a
region where a different memory, for example, DRAM,
MRAM, RRAM, PRAM, or the like, is formed.

FIG. 16 is a block diagram of a wireless communication
device 900 including semiconductor devices according to the
example embodiments of the present inventive concepts.

Referring to FIG. 16, the wireless communication device
900 may be a cellular phone, a smartphone terminal, a hand-
set, a personal digital assistant (PDA), a laptop computer, a
video game unit, or some other device. The device 900 may
use Code Division Multiple Access (CDMA), Time Division
Multiple Access (TDMA), such as Global System for Mobile
communications (GSM), or some other wireless communi-
cation standard.

The device 900 may provide bidirectional communication
via a receive path and a transmit path. On the receive path,
signals transmitted by one or more base stations may be
received by an antenna 911 and provided to a receiver
(RCVR) 913. The RCVR 913 conditions and digitizes the
received signal and provides samples to a digital section 920
for further processing. On the transmit path, a transmitter
(TMTR) 915 receives data transmitted from the digital sec-
tion 920, processes and conditions the data, generates a
modulated signal, and transmits the modulated signal to one
or more base stations via the antenna 911.

The digital section 920 may be implemented with one or
more digital signal processors (DSPs), microprocessors,
reduced instruction set computers (RISCs), or the like. In
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addition, the digital section 920 may be fabricated on one or
more application specific integrated circuits (ASICs) or some
other type of integrated circuits (ICs).

The digital section 920 may include various processing and
interface units such as, for example, a modem processor 934,
avideo processor 922, an application processor 924, a display
processor 928, a controller/multi-core processor 926, a cen-
tral processing unit (CPU) 930, and an external bus interface
(EBI) 932. The external bus interface (EBI) 932 is connected
to external memory 940.

The video processor 922 may perform processing for
graphics applications. Generally, the video processor 922
may include any number of processing units or modules for
any set of graphics operations. Certain portions of the video
processor 922 may be implemented in firmware and/or soft-
ware. For example, a control unit may be implemented with
firmware and/or software modules, for example, procedures,
functions, or the like, that perform functions described herein.
The firmware and/or software codes may be stored in a
memory and executed by a processor, for example, the multi-
core processor 926. The memory may be implemented inside
or outside the processor.

The video processor 922 may implement a software inter-
face such as Open Graphics Library (OpenGL), Direct3D, or
the like. The CPU 930 may execute a series of graphics
processing operations, together with the video processor 922.
The controller/multi-core processor 926 may include two or
more cores. The controller/multi-core processor 926 may
allocate a workload to be processed to two cores according to
the workload and process the workload simultaneously.

As illustrated in FIG. 16, the application processor 924 is
an element of the digital section 920. However, the present
inventive concepts are not limited thereto. In some embodi-
ments of the present inventive concepts, the digital section
920 may be integrated into one application processor 924 or
one application chip.

The modem processor 934 may perform operations needed
to deliver data between each of the RCVR 913 and the TMTR
915 and the digital section 920. The display processor 928
may perform operations needed to drive a display 910.

The semiconductor devices 1 through 6,13 and 14 of FIGS.
1A through 15, respectively, according to the above-de-
scribed example embodiments of the present inventive con-
cepts may be used as a cache memory or a buffer memory
utilized for the operations of the video processor 922, the
application processor 924, the multi-core processor 926, the
display processor 928, the CPU 930 and the modem processor
934.

A computing system 1000 including semiconductor
devices according to the example embodiments of the present
inventive concepts will now be described with reference to
FIG. 17.

FIG. 17 is a block diagram of the computing system 1000
including semiconductor devices according to the example
embodiments of the present inventive concepts.

Referring to FIG. 17, the computing system 1000 accord-
ing to the example embodiment of FIG. 17 includes a CPU
1002, a system memory 1004, a graphic system 1010, and a
display 1006. The CPU 1002, the system memory 1004, and
the graphic system 1010 may be coupled to a bus. The bus
may serve as a path for transmitting data.

The CPU 1002 may perform operations needed to drive the
computing system 1000. The system memory 1004 may be
configured to store data. The system memory 1004 may store
data processed by the CPU 1002. The system memory 1004
may serve as an operating memory of the CPU 1002. The
system memory 1004 may include one or more volatile
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memories such as, for example, a double data rate static
dynamic random access memory (DDR SDRAM) and a
single data rate static dynamic random access memory (SDR
SDRAM) and/or one or more nonvolatile memories such as
an electrical erasable programmable read only memory (EE-
PROM) and a flash memory. Any one of the semiconductor
devices 1 through 6, 13 and 14 of FIGS. 1A through 15,
respectively, according to the above-described example
embodiments may be employed as an element of the system
memory 1004.

The graphic system 1010 may include a graphic processing
unit (GPU) 1011, a graphic memory 1012, a display control-
ler 1013, a graphic interface 1014, and a graph memory
controller 1015. The GPU 1011, the graphic memory 1012,
the display controller 1013, the graphic interface 1014, and
the graph memory controller 1015 may be coupled to a bus.
The bus may serve as a path for transmitting data.

The GPU 1011 may perform graphics operations needed
for the computing system 1000. Specifically, the GPU 1011
may assemble primitives, each composed of one or more
vertices, and render the assembled primitives.

The graphic memory 1012 may store graphic data pro-
cessed by the GPU 1011 or store graphic data that is to be
provided to the GPU 1011. Alternatively, the graphic memory
1012 may serve as an operating memory of the GPU 1011.
Any one of the semiconductor devices 1 through 6, 13 and 14
of FIGS. 1A through 15, respectively, according to the above-
described example embodiments of the present inventive con-
cepts may be employed as an element of the graphic memory
1012.

The display controller 1013 may control the display 1006
to display a rendered image frame.

The graphic interface 1014 may interface between the CPU
1002 and the GPU 1011, and the graphic memory controller
1015 may provide memory access between the system
memory 1004 and the GPU 1011.

The computing system 1000 may further include one or
more input devices such as, for example, buttons, a touch-
screen, a microphone or the like and/or one or more output
devices such as, for example, a speaker or the like. In addition,
the computing system 1000 may further include an interface
device for data exchange with an external device in a wired or
wireless manner. The interface device may include, for
example, an antenna or a wired or wireless transceiver.

Depending on the embodiment, the computing system
1000 may be any computing system such as a mobile phone,
a smartphone, a PDA, a desktop, a notebook computer, a
tablet, or the like.

An electronic system 1100 including semiconductor
devices according to the example embodiments of the present
inventive concepts will now be described with reference to
FIG. 18.

FIG. 18 is a block diagram of the electronic system 1100
including semiconductor devices according to the example
embodiments of the present inventive concepts.

Referring to FIG. 18, the electronic system 1100 according
to an example embodiment of the present inventive concepts
may include a controller 1110, an input/output (I/O) device
1120, a memory device 1130, an interface 1140 and a bus
1150. The controller 1110, the I/O device 1120, the memory
device 1130 and/or the interface 1140 may be connected to
one another by the bus 1150. The bus 1150 may serve as a path
for transmitting data.

The controller 1110 may include, for example, at least one
of' a microprocessor, a digital signal processor, a microcon-
troller and logic devices capable of performing similar func-
tions to those of a microprocessor, a digital signal processor
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and a microcontroller. The I/O device 1120 may include, for
example, a keypad, a keyboard and a display device. The
memory device 1130 may store data and/or commands. The
interface 1140 may be used to transmit data to or receive data
from a communication network. The interface 1140 may be a
wired or wireless interface. In some embodiments, the inter-
face 1140 may include an antenna or a wired or wireless
transceiver.

The electronic system 1100 may be an operating memory
for improving the operation of the controller 1110, and may
also include a high-speed DRAM or SRAM. Any one of the
semiconductor devices 1 through 6, 13 and 14 of FIGS. 1A
through 15, respectively, according to the above-described
example embodiments of the present inventive concepts may
be employed as the operating memory. In addition, any one of
the semiconductor devices 1 through 6, 13 and 14 of FIGS.
1A through 15, respectively, according to the above-de-
scribed example embodiments may be provided in the
memory device 1130 or in the controller 1110 or the I/O
device 1120.

The electronic system 1100 may be applied to nearly all
types of electronic products capable of transmitting and/or
receiving information in a wireless environment, such as a
PDA, a portable computer, a web tablet, a wireless phone, a
mobile phone, a digital music player, a memory card, or the
like.

FIGS. 19 through 21 are diagrams illustrating examples of
a semiconductor system to which semiconductor devices
according to the embodiments of the present inventive con-
cepts may be applied.

FIG. 19 illustrates a tablet personal computer (PC) 1200,
FIG. 20 illustrates a notebook computer 1300, and FIG. 21
illustrates a smartphone 1400. At least one of the semicon-
ductordevices 1 through 6, 13 and 14 of FIGS. 1A through 15,
respectively, according to the above-described example
embodiments of the present inventive concepts, as set forth
herein, may be used in the tablet PC 1200, the notebook
computer 1300, and/or the smartphone 1400.

The semiconductor devices 1 through 6,13 and 14 of FIGS.
1A through 15, respectively, according to the example
embodiments of the present inventive concepts, as set forth
herein, may also be applied to various IC devices other than
those set forth herein. That is, while the tablet PC 120, the
notebook computer 1300, and the smartphone 1400 have
been described above as examples of a semiconductor system
according to an example embodiment of the present inventive
concepts, the examples of the semiconductor system accord-
ing to the embodiment are not limited to the tablet PC 1200,
the notebook computer 1300, and the smartphone 1400. In
some embodiments of the present inventive concepts, the
semiconductor system may be provided as a computer, an
Ultra Mobile PC (UMPC), a work station, a net-book com-
puter, a PDA, a portable computer, a wireless phone, a mobile
phone, an e-book, a portable multimedia player (PMP), a
portable game console, a navigation device, a black box, a
digital camera, a 3-dimensional television set, a digital audio
recorder, a digital audio player, a digital picture recorder, a
digital picture player, a digital video recorder, a digital video
player, or the like.

Methods of fabricating semiconductor devices according
to example embodiments of the present inventive concepts
will now be described with reference to FIGS. 22 through 30.

FIGS. 22 through 30 illustrate steps of methods of fabri-
cating semiconductor devices according to example embodi-
ments of the present inventive concepts. FIG. 23 is a cross-
sectional view taken along line E-E of FIG. 22 according to an
example embodiment of the present inventive concepts. FIG.
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25 is a cross-sectional view taken along line F-F of FIG. 24
according to an example embodiment of the present inventive
concepts.

First, a method of fabricating the semiconductor device 1
of FIG. 1A according to the example embodiment of the
present inventive concepts will be described with reference to
FIGS. 22 through 27.

Referring to FIGS. 22 and 23, a first insulating layer (not
shown) is formed on an active layer 100 by using a process
such as chemical vapor deposition (CVD), plasma-enhanced
chemical vapor deposition (PECVD), or the like. Then, the
first insulating layer (not shown) is patterned to form a
dummy structure 10 which extends in a first direction Y.

The dummy structure 10 may be referred to as a mandrel.
The dummy structure 10 may be, for example, an oxide layer,
a nitride layer, an oxynitride layer, or a combination of these
layers. In addition, the dummy structure 10 may be formed,
for example, of an organic material such as SOH, photoresist,
or the like.

A second insulating layer (not shown) is formed on the
dummy structure 10 to cover the dummy structure 10. Then,
the second insulating layer (not shown) is patterned to form
dummy spacers 20, which extend in the first direction Y, on
both sides of the dummy structure 10. The dummy spacers 20
may be formed by, for example, anisotropic etching.

The dummy spacers 20 may be formed of, for example, an
oxynitride layer.

Referring to FIGS. 24 and 25, a first mask 30 is formed on
the dummy structure 10 and the dummy spacers 20 to expose
a region of each of the dummy spacers 20. A region of the
dummy structure 10 may also be exposed.

Next, a side of each of the exposed dummy spacers 20 is
etched. Accordingly, a width of each of the exposed dummy
spacers 20 in a second direction X is reduced. In the process
of etching the dummy spacers 20, a height of each of the
dummy spacers 20 may also be reduced as shown in FIG. 25.

Referring to FIG. 26, a top surface of the active layer 100 is
exposed by removing the dummy structure 10. Referring to
FIG. 27, active fins F are formed by etching the exposed active
layer 100 using the dummy spacers 20 as a mask. The active
layer 100 may be etched using, for example, anisotropic
etching such as, for example, reactive-ion etching (RIE).

Through the above process, the active fins F are formed in
the same shape as the dummy spacers 20. In the process
described above with reference to FIGS. 24 and 25, the width
of a region of each of the dummy spacers 20 in the second
direction X becomes smaller than that of the other region
thereof. Therefore, the final shapes of the active fins F will be
the same as those of the first and second active fins F1 and F2
shown in FIG. 1A. Subsequently, other elements described
above with reference to FIGS. 1A through 4 are formed,
thereby completing the semiconductor device 1 according to
the example embodiment of the present inventive concepts.

Ifa semiconductor device is fabricated as described above,
aplurality of transistors having various characteristics may be
formed relatively easily, for example, by adjusting the width
of each of the active fins F.

A method of fabricating the semiconductor device 2 of
FIG. 5 according to the example embodiment of the present
inventive concepts will now be described with reference to
FIGS. 28A through 28D.

Referring to FIG. 28A, at a first layout design step, a
marker 13 is set in a region of a dummy structure 12. Then, an
offset W10 is determined for the region with the marker 13.

Referring to FIG. 28B, at a second layout design step
following the first layout design step, a width of the region
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with the marker 13 is increased by the offset W10. Then,
dummy spacers 22 are placed on both sides of the dummy
structure 12.

The dummy structure 12 and the dummy spacers 22
formed using the above layout design may be shaped as
shown in FIG. 28B.

Referring to FIG. 28C, a first mask 30 is formed on the
dummy structure 12 and the dummy spacers 22 to expose a
region of each of the dummy spacers 22. Then, a side of each
of'the exposed dummy spacers 22 is etched to produce dumb-
bell-shaped dummy spacers 22. First and second active fins
F1 and F2 fabricated using these dummy spacers 22 accord-
ing to the above-described method may be shaped as shown in
FIG. 28D.

Subsequently, other elements described above with refer-
ence to FIGS. 1A through 4 are formed, thereby completing
the semiconductor device 2 of FIG. 5 according to the
example embodiment of the present inventive concepts.

A method of fabricating the semiconductor device 3 of
FIG. 6 according to the example embodiment of the present
inventive concepts will now be described with reference to
FIGS. 22 and 29A through 30.

Referring to FIG. 22, a dummy structure 10 and dummy
spacers 20 are formed to extend in a first direction Y.

Referring to FIG. 29A, a second mask 32 is formed to
partially cover the dummy structure 10 and the dummy spac-
ers 20. Then, regions of the dummy structure 10 which are
exposed by the second mask 32 are removed.

Referring to FIG. 29B, the second mask 32, as illustrated in
FIG. 29A is removed. Then, a third mask 33 is formed. An
insulating layer including the same material as the dummy
spacers 20 is deposited. Accordingly, a first sub-dummy
spacer 24a is formed in a region where a side of each of the
dummy spacers 20 is adjacent to the third mask 33, and a
second sub-dummy spacer 245 is formed on the other side of
each of the dummy spacers 20.

Referring to FIG. 30, the third mask 33 of FIG. 29B is
removed, and then, the remaining dummy structure 10 of
FIG. 29A is removed.

Next, fourth masks 34 are formed. The fourth masks 34
may expose regions of the dummy spacers 20 (hatched
regions of the dummy spacers 20), regions of the first sub-
dummy spacers 24a (hatched regions of the first sub-dummy
spacers 24a), and regions of the second sub-dummy spacers
245 (hatched regions of the second sub-dummy spacers 245).
The exposed regions of the dummy spacers 20, the exposed
regions of the first sub-dummy spacers 24a, and the exposed
regions of the second sub dummy spacers 245 are etched.

Through the above process, the dummy spacers 20 and the
first and second sub-dummy spacers 24a and 245 may be
separated in the first direction Y. As a result, while all of the
first and second sub dummy spacers 24a and 245 and the
dummy spacers 20 exist in upper and lower regions of FIG.
30, only the dummy spacers 20 may exist in a middle region
of FIG. 30. Therefore, the eleventh through thirteenth active
fins F11 through F13 and the twenty first through twenty third
active fins F21 through F23 shown in FIG. 6 can be formed.

A method of fabricating the semiconductor device 4 of
FIG. 8 according to the example embodiment of the present
inventive concepts will now be described with reference to
FIGS. 22, 31 and 32.

Referring to FIG. 22, a dummy structure 10 and dummy
spacers 20 are formed to extend in a first direction Y.

Referring to FIG. 31, a fifth mask 36 is formed to partially
cover the dummy structure 10 and the dummy spacers 20.
Then, a third sub-dummy spacer 26 is formed. Here, the third
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sub-dummy spacer 26 may be formed along outer surfaces of
the dummy spacers 20 and outer surfaces of the fiftth mask 36.

Referring to FIG. 32, fifth masks 38 are formed to extend in
a second direction X and expose a portion of the dummy
structure 10, a portion of the dummy spacers 20 (hatched
region of the dummy spacers 20), and a portion of the third
sub-dummy spacer 26 (hatched region of the third sub-
dummy spacer 26). The exposed regions of the dummy struc-
ture 10, the exposed regions of the dummy spacers 20, and the
exposed regions of the third sub-dummy spacer 26 are etched.

Ifthe remaining dummy structure 10 is removed, the elev-
enth through thirteenth active fins F11 through F13 and the
twenty first through twenty third active fins F21 through F23
illustrated in FIG. 8 may be formed.

While the present inventive concepts have been particu-
larly shown and described with reference to example embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and detail may be made
therein without departing from the spirit and scope of the
present inventive concepts as defined by the following claims.
The example embodiments should be considered in a descrip-
tive sense only and not for purposes of limitation.

What is claimed is:

1. A semiconductor device comprising:

active fins protruding from an active layer and extending in

a first direction;

a gate structure on the active fins extending in a second

direction intersecting the first direction; and

a spacer on at least one side of the gate structure,

wherein each of the active fins comprises a first region and

a second region adjacent to the first region in the first
direction, and a width of the first region in the second
direction is different from a width of the second region in
the second direction; and

wherein the first region is asymmetrical with respect to a

centerline in the first direction of each of the active fins.

2. The semiconductor device of claim 1, wherein the first
region is under the gate structure, and the second region is
under the spacer.

3. The semiconductor device of claim 2, wherein part of the
first region is under the spacer.

4. The semiconductor device of claim 2, wherein the width
of the first region in the second direction is smaller than the
width of the second region in the second direction.

5. The semiconductor device of claim 2, wherein the active
fins comprise first through third active fins which are arranged
sequentially in the second direction to be separated from each
other, wherein a first gap between the first region of the first
active fin and the first region of the second active fin is
different from a second gap between the first region of the
second active fin and the first region of the third active fin.

6. The semiconductor device of claim 2, wherein the active
fins comprise first through third active fins which are arranged
sequentially in the second direction to be separated from each
other, wherein a first gap between the first region of the first
active fin and the first region of the second active fin is equal
to a second gap between the first region of the second active
fin and the first region of the third active fin.

7. The semiconductor device of claim 1, wherein the active
fins comprise a first active fin and a second active fin which
are separated from each other in the first direction, wherein
the first active fin is in the first region, and the second active fin
is in the second region.

8. The semiconductor device of claim 7, further comprising
a self-aligned contact which electrically connects the first
active fin and the second active fin.
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9. The semiconductor device of claim 7, wherein a width of
the first active fin in the second direction is greater than a
width of the second active fin in the second direction, and the
first active fin comprises third through fifth active fins which
are arranged sequentially in the second direction to be sepa-
rated from each other, wherein a gap between the third active
fin and the fourth active fin is equal to a gap between the
fourth active fin and the fifth active fin.
10. The semiconductor device of claim 7, wherein a width
of the first active fin in the second direction is greater than a
width of the second active fin in the second direction, and the
first active fin comprises third through fifth active fins which
are arranged sequentially in the second direction to be sepa-
rated from each other, wherein a gap between the third active
fin and the fourth active fin is different from a gap between the
fourth active fin and the fifth active fin.
11. The semiconductor device of claim 10, wherein a side
of'the first active fin is aligned with a side of the second active
fin in the first direction.
12. A semiconductor device comprising:
a first transistor; and
a second transistor spaced apart from the first transistor in
a first direction,

wherein the first transistor comprises a first active fin which
extends in the first direction, and the second transistor
comprises a second active fin which is aligned with the
first active fin in the first direction, wherein a width of the
first active fin in a second direction intersecting the first
direction is different from a width of the second active
fin in the second direction; and

wherein the first active fin is asymmetrical with respect to

a centerline in the first direction through the second
active fin.

13. The semiconductor device of claim 12, comprising a
static random access memory (SRAM), wherein the first tran-
sistor comprises a pull-up transistor, and the second transistor
comprises a pull-down transistor.

14. The semiconductor device of claim 12, wherein the
width of the first active fin in the second direction is greater
than the width of the second active fin in the second direction,
and the first active fin comprises third through fifth active fins
which are arranged sequentially in the second direction to be
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separated from each other, wherein a gap between the third
active fin and the fourth active fin is equal to a gap between the
fourth active fin and the fifth active fin.

15. The semiconductor device of claim 12, wherein a side
of'the first active fin is aligned with a side of the second active
fin in the first direction.

16. A semiconductor device comprising:

a plurality of active fins extending in a first direction;

a gate structure extending in a second direction on a portion

of each of the plurality of active fins; and

a spacer on at least one side of the gate structure,

wherein each of the plurality of active fins comprises a first

region and a second region,
wherein the first region of each of the plurality of active fins
comprises a first width in the second direction and the
second region of each of the plurality of active fins
comprises a second width in the second direction,

wherein the first width is smaller than the second width,
and

wherein the first region is asymmetrical with respect to a

centerline in the first direction of each of the active fins.

17. The semiconductor device of claim 16, wherein part of
the first region is under the gate structure and part of the first
region is under the spacer, and the second region is under the
spacer.

18. The semiconductor device of claim 16, wherein the
plurality of active fins comprise first through third active fins
which are arranged sequentially in the second direction to be
separated from each other, wherein a first gap between the
first region of the first active fin and the first region of the
second active fin is different from a second gap between the
first region of the second active fin and the first region of the
third active fin.

19. The semiconductor device of claim 16, wherein the
plurality of active fins comprise first through third active fins
which are arranged sequentially in the second direction to be
separated from each other, wherein a first gap between the
first region of the first active fin and the first region of the
second active fin is equal to a second gap between the first
region of the second active fin and the first region of the third
active fin.



